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Abstract: The multifarious improvements in 
computational and simulation tools have brought 
tremendous progress in the field of designing, testing 
and analyzing technologies. In this paper, the 
technological aspects and the concept of modern real-
time digital simulators are presented. The real-time 
simulator functions in real time, thus it produces 
continuous output that realistically represents the 
conditions of a real system.  Also, in a real-time 
simulator the user can test physical devices. Therefore, it 
is of great importance to understand the features and 
roles of the advanced simulator technologies. Also, User-
friendly system interface, easy application in system 
design and testing, and most importantly cost 
effectiveness are the most desire features for implying 
these simulator into a research.  Therefore, this paper 
summarizes all significant features by considering the 
above-mentioned facts of some most popular, globally, 
and commercially available simulator technologies. Real 
Time Digital Simulators (RTDS), OPAL-RT, Network 
Torsion Machine Control (NETOMAC), dSPACE, Real-
Time solution by MathWorks (xPC target, Real-Time 
Windows target), Power_system Online_simulation 
Unveil Your Analysis (POUYA) Simulator and Typhoon 
HIL Simulator are discussed in this review paper based 
on the accessibility of information. A summarization of 
these simulators’ background, hardware, software and 
communication protocols are presented. Applications of 
these above-mentioned simulators are also added to 
understand the potentials of these simulators. 
 
Keywords: Real-Time Simulator; Discrete Time-step; 
software-in-the-loop (SIL); hardware-in-the loop (HIL); 
power system. 
 
I. INTRODUCTION 
The vast improvement of computer technologies has made it 
possible to develop highly sophisticated, powerful, and 
affordable real-time simulation tools [1]. The initial 
objective behind the development of a real-time simulation 
tools is to accelerate the design process by detecting the 
design faults in the preliminary stage along with other 
technical problems. Now-a-days, power electronics are 
widely used in almost all kind of sectors.  The power 
electronics have an increasing demand on advanced 
electrical and mechanical systems for their robustness and 
user-friendly control mechanism. The manufacturing 
companies of power electronics are facing challenges on 
designing, developing, and marketing their finest products 
within short period of time. To accomplish their objectives 
with efficient and expedient manner, real-time simulator has 
no alternatives.  
 
Digital real-time simulator (DRTS) is a system which is 
designed to provide the exact behavioral characteristics 
when compared with a real system. To accomplish this 
accuracy, these simulators need to process the models for 
one time-step at a time, synchronized with real-world clock 
[2]. So, it generates outputs at discrete time period. 
 
For the last three decades, the development of digital real-
time simulators has increased significantly [3]. The 
computational time has decreased with the computer 
technological revolution. Everyday improvements making 
the performance of these simulator more accurate. Over the 
time the price of digital simulators has also gradually 
declined. A few works have been done to highlight the 
importance of digital real-time simulator, only RTDS 
simulator, OPAL-RT Simulator [3]- [7]. The input of this 
paper is to combine the trending and most sophisticated 
featured simulators together with their significance in 
research and industries.   
 
The main purpose of this paper is to give a brief description 
of real-time simulation technologies for systems modeling, 
simulating and analysis. This paper also includes what is 
real-time simulator and their criteria in the section 2.  The 
Section 3 explains different real-time digital simulator 
followed by the section 4 which includes current users of 
these simulators. The Section 5 explains the applications of 
these simulators; the conclusion is drawn in Section 6. 
 
 
 
 
Figure 1. Simulation with fixed-time step 
 
	 	 	 	 267 
 
	
IJRE	|	Vol.	04	No.	11	|	November	2017 
 
II. REAL-TIME SIMULATOR 
A. What Is Real-Time Simulation? 
According to the American Heritage Dictionary of the 
English language, a simulation symbolizes the process or 
characteristics of a device/system through the operation or 
use of another media [4]. For most simulators, mostly digital 
simulators, it is anticipated that those real-time simulators 
will simulate a model with discrete-time and constant step 
period. Discrete-time simulation means each simulation step 
will execute in equal time length, which typically 
considered as fixed time-step simulation [5]. Figure 1 shows 
that each mathematical function is solved in a fixed time 
step.  
 
There are other solving techniques which incorporate flexible 
time-steps. Those algorithms are especially for nonlinear and 
high frequency systems.  These techniques are incompatible 
for real-time simulation [6].  
 
 
Figure 2. Accelerated simulation b. delayed simulation c. real-time 
simulation. 
 
Digital simulators are designed to solve the mathematical 
equations and calculations at a fixed time-step where each 
mathematical function is solved sequentially. But sometimes, 
it is designed in such a way that the actual execution period 
for all the mathematical equation is shorter or longer than 
given simulation time step. Figure 2(a) and Figure 2(b) are 
examples of these cases. These scenarios are known as 
Offline simulation. In the case, when the computational time 
is less than given time step, the simulation is known as 
accelerated simulation state. On the other hand, when the 
computational time is longer than the fixed time step then 
this simulation is known as delayed simulation state. 
Usually offline simulation is performed for fast simulation 
result. Systems computational speed and the complexities of 
the mathematical function are the variable for the solving 
time.  
 
However, the precision of computational speed of the real-
time simulator is not only a variable of fixed time-step, but 
also on the duration of the simulation time. All the I/O 
variables from the simulation or from the outside of the 
simulation together with overall calculation of the model 
need to be done, within the same length of time. It is always 
preferred to give the time-step less than the real-world clock 
time duration. It’s a precaution taken by designers to allow 
the real-time simulator to perform all the necessary steps in 
relation with the real-time application. Unlike the 
accelerated simulation, in real-time simulation the time 
between the two time-step, known as idle-time, remain idle 
shown in Figure 2(c). It may cause overrun if all the 
operation is not successfully done within the given discrete 
time-step and overrun could cause inaccurate results for the 
model [7]. So, to solve the model operations and equation 
successfully, Real-time digital simulation should design and 
run on discrete time-steps. Accurate time-step length must 
be calculated for exact `representation of a system frequency 
response and transient response. The simulator usually does 
some basic steps in each discrete time steps like a. reading 
the inputs for internal or external ports b. executing all the 
operational commands c. generating output and exchange 
with visual interface d. remaining idle for the next time-step 
to start a new command [7].  
 
B. Development of Real-Time Simulation Technologies 
The necessity of the simulation tools had been realized in 
the mid-19th century [8]. These initial simulators are now 
categorized as analog simulator. The initial simulators like 
High Voltage Direct Current (HVDC) simulators, transient 
network analyzer (TNA) and electromagnetic analyzer 
(EMT) primarily include the protection and control 
protocols in the system [9]. Still these simulators can study 
the EMT behavior of a power system. Though the 
physical/analog simulators have fulfilled all the 
requirements in power systems industry very well and yet, 
these simulators were difficult to use in power systems and 
power electronics industries for their system complexity, 
immobility, and high cost of maintenance. With the progress 
of microprocessor and floating-point Digital signal 
processing (DSP) technologies, these physical simulators 
are being replaced by the digital real-time simulators with 
time [10]-[11]. 
 
The journey of real-time digital simulator technologies had 
started in the late 1980s. In the year 1989, the world’s 1st 
real-time digital high voltage current converter (HVDC) 
simulator was invented by Manitoba HVDC Research 
Center, Canada [12]. Real-Time simulators are excellent 
examples of reliable, accurate simulation technology. These 
simulators are used to perform complex simulations in real 
time environments for power system network analysis. 
Besides, the digital real-time simulator includes all the 
features to its system, shows in Figure. 3 [7]. 
 
DSP-based real-time simulators, HYPERSIM, has been 
developed by the collaboration of Hydro-Quebec and 
OPAL-RT Technology [13]. This commercial 
supercomputer-based simulator, HYPERSIM, is now 
commercially available for industrial and academic use [14]. 
Such advancement is very righteous for the current power 
system network. 
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Figure 3: Evolution of Real-time Simulator [7] 
 
The commercial off-the-shelf (COTS) based real-time 
simulators were developed with multi-core processors which, 
have been applied in power electronic system design, and 
testing aerospace, automotive and robotics for last few 
decades [16]. Incorporating all the features of COTS based 
OPAL-RT simulator is compatible to work with under 
LINUX, Windows, and standard real-time operating systems. 
Power system analysis software tools like, SIMULINK 
SimPowerSystems PSS/E, EMTP-RV, have communication 
interface with OPAL-RT simulator [16]. Typhoon HIL 
simulator has also MATLAB communication interfaces.  
 
C.  Criteria Of Real-Time Simulator 
 
1) Representation Of Network Component 
The prerequisite of power system real-time simulator is to 
design the power electronics/grid with various elements to 
create the testbed with exact characteristics of a real system 
network. The most important built-in components of these 
simulator consist of a. Transmission lines b. Distributed 
generation Systems c. Generators d. Power electronics e. 
Transformers f. Current Transformer (CT)/Potential 
Transformer (PT), controlled breakers [3]. The key point is 
that the models need to represent actual physical device 
behavior accurately as found in physical system. 
 
2) Communication 
One of the most difficult challenges of a simulator is to 
create a communication channel between the physical 
equipment with the simulation model. The designed model 
and the real devices need to work synchronously via 
communication channel to create a real network scenario. 
Usually, digital to analogue (D/A) converters are used by 
real time digital simulators to generate D/A output. The 
communication signal goes bi-directional. So, analog to 
digital converter A/D is also required. The real-time 
simulators use high level Ethernet based protocols for 
commutation purposes. With the introduction of Smart Grid 
in the power system network, these Ethernet based protocols 
become an increasingly vital feature of real time simulator 
testing for proper communication and coordination 
information transfer among Intelligent Electronic Devices 
(IED) [3]. 
 
 
3) Control and Protection Units  
Controlling and protecting a network is a primary 
requirement for a system. It is quite difficult to analyze a 
large and complex network’s control mechanism. A small 
version of the large network including control and 
protection devices is, analyzed for understanding the system 
behavior .by. In current power network, many smart devices 
are incorporated to protect and investigate the contingencies 
of the network. Sometimes it is not possible to reflect all the 
control and protection devices in the simulated model. But 
the library function of these simulator need to be rich 
enough to provide the basic blocks for all kind of network 
components. Generic component models need to be present 
in the simulator library for allowing this kind of testing. 
 
III. COMMERCIALLY AVAILABLE REAL-TIME 
SIMULATORS 
 
A. The Real-Time Digital Simulator (RTDS)  
 
 
1) Background 
RTDS Technologies Inc. is the pioneer of the real-time 
power system simulator. Originally it was a research project 
under Manitoba HVDC Research Center, Canada back in 
the 1980’s [17]. In early 1989, the world’s 1st real-time 
digital high voltage current converter (HVDC) simulator 
was invented.  It took 4 more years to launch the first 
commercial RTDS. One year after that, in 1994, RTDS 
technologies Inc. is launched as a commercial company. 
Currently over 1400 units of RTDS simulators are operating 
in 42 countries in the world. Significant development with 
time in RTDS Simulator (Figure 4) development has given 
in tabular form below, Table 1[17]. 
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Table 1. Evolution of RTDS simulator [17]. 
 
 
 
 
Figure 4: RTDS Simulator 
 
 
 
 
2) System Description 
 
a) Hardware Description 
The RTDS Simulator hardware is designed with custom 
parallel processing architecture assembled in a modular unit 
called rack. This simulator is architected with many slots as 
well as with rail-mounted cards [18]. The racks are 
mountain with slot-mounted processor cards, known as PB5 
cards. Each PB5 card contains two parallel operating 
PowerPC RISC processor [18]. The function of these 
PowerPC RISC processor card is to works as the main 
computational engine. The racks are designed to hold 
maximum of six PB5 cards which means 12 PowerPC RISC 
processors cards can be accommodate in one rack.  
As designed, a maximum of 72 nodes can be simulated 
using each card. Additionally, the processor card also 
permits 2 network solutions to be included in one rack to 
represent two subsystems, with each 72 nodes. Larger 
networks with more than 72 nodes/subsystems can be 
designed by using extra racks. Alongside the PB5 cards, 
each mounted rack contains some communication interface 
cards named as GTNET and GTWIF. An internal Diagram 
of the simulator’s hardware are presented in Figure 5. The 
GTWIF card here, provides the communication interface 
between the host PC and the target PC (Simulator) via 
Ethernet connection, and also provides communication 
interface between the racks. Whereas GTNET card provides 
higher level communication protocol like C37.118, IEC 
31850, DNP etc. for this simulator [18]. 
 
 
Figure 5. Hardware architecture of RTDS simulator [19]. 
b) Software Description 
 
Usually, operating system (OS) of the real-time simulators 
are designed using Windows or Linux platform. For 
specialized hardware, each vendor provides OS. In RTDS 
simulator, PB5’s processor card is based on proprietary bare 
metal OS. And the GTWIF OS is based on VxWorks [20].  
 
Application platform software of RTDs is RSCAD. RSCAD 
has built-in library to generate model design, running 
models for analyzing a network. RSCAD interface has a 
number of design module which allows the user to design all 
the necessary steps to compute and evaluate simulation 
Year 2017 and Contd. 
Introduce	NovaCor,	the	world’s	fastest	and	most	capable	real	^me	
power	system	simulator 
Year 2004 
Developement	of	the	GTNET 
Year 1999 
Introduce		world’s	very	1st	portable	real	^me	power	system	
simulator 
Year 1994 
Launch RTDS Technologies INC. And currently world's most 
leading simulator manufacturer. 
Year 1993 
Start useing in commercial application 
Year 1989 
Sussefully invented world's 1st real-time digital HVDC simulator 
Year 1986 
Begining of RTDS Development Project 
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outputs. A graphical output is given as a result from the 
simulation to the user as well. The modules of RSCAD 
comprise of a. FileManager b. Draft c. RunTime d. TLine e. 
Cable f. MultiPlot and f. CBuilder [20]. Moreover, the 
system can run automatically by automated batch operation 
module. 
c) Communication Protocol 
    
Giga-Transceiver Network Communication Card, GTNET, 
is the main communication card for RTDS [18]. A 
bidirectional communication channel to and from the 
simulator is given as a feature of the second-generation 
Giga-Transceiver Network Communication Card, known as 
GTNETx2, are presented in Figure 6. It is a Ethernet based 
communication link. With the application demand, other 
protocols can be designed with the GTNETx2. 
Communication Protocols like MODBUS, TCP/UDP socket 
communication, IEEE C37.118, IEC 61850, IEC 61850-9-2, 
DNP3 communication and IEC 60870-5-104 protocols can 
be accommodated in GTNETx2 [18]. 
 
 
Figure 6. GTNETx2 [18] 
 
 
B. The Opal-RT Digital Real-Time Simulator  
 
 
1) Background 
 
OPAL-RT TECHNOLOGIES is now one of the leading 
company for developing Real-Time Digital Simulators. The 
company has started their journey from 1997 [21]. OPAL-
RT simulator, like OP5600, has sole technological 
methodologies like parallel integration and distributed 
computing, with commercial-off-the-shelf technologies. 
Their most significant software package has been launched 
in 1998, known as a RT-LAB software, recognized as the 
core software for the simulator allows users to develop 
models very promptly for the Simulation. For Hardware-In-
the-Loop (HIL) testing and Rapid Control Prototyping (RCP) 
the OPAL-RT solvers, RT-LAB, HYPERSIM are the 
dedicated software. All the software is compatible with 
advanced field programmable gate array (FPGA) I/O and 
processing boards [21]. Evolution curve of this simulator 
(Figure 7) is presented in table 2. 
 
 
 
 
 
 
 
 
Table 2. Evolution of OPAL-RT Simulator [21] 
 
 
Figure 7: OPAL-RT Simulator [21]  
 
2) System Description 
 
a) Hardware Description 
 
Parallel integration, commercial-off-the-shelf computing 
technology are the most unique features of OPAL-RT 
Simulator. General-purpose multicore multithread CPUs are 
built-in to this simulator. This simulator is developed by 
using general-purpose multicore multithread CPUs like Intel 
Xeon [21]- [23]. The cores of each target system can be 
extended by using a multi-CPU motherboard, because each 
subsystem needs an individual core to execute the model. 
Additionally, FPGAs are designed to communicate with 
common PCs by conditioning I/O signals. The interface uses 
Xilinx toolbox, Xilinx System Generator (XSG) system for 
system modeling. Some of the commonly used hardware are 
given as a tabular form in table 3 [22]-[23]. 
Year 2017 and contd. 
20 years of OPAL-RT Technoligies and has become one of 
the leading company in Real-time simulator industries 
Year 2012 
HYPERSIM was invented. the upgradation is a contined 
process 
Year 2007 
eMEGAsim Real-time Power grid simulator 
Year 2002 
 1st OPAL-RT FPGA-Based I/O Cards Invention 
Year 1998 
RT-LAB was invented 
Year	1997	
OPLA-RT Technologies was founded 
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Figure 8: Hardware of OPAL-RT [23] 
 
 
 
 
Table 3. Hardware description of OPAL-RT [23] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Software Description 
 
The target of this simulator is developed with Linux-based 
operating system like Redhawk, RedHat, or QNX [24]. The 
Operating system of this system has been modified a little to 
make the target compatible for supporting the function 
required by real-time modeling. The main characteristics of 
this modified Linux OS is compatible for complete core 
shielding. The functionality of complete core shielding is to 
allocate all the cores to the subsystems for real-time 
computation, except one core. This also protects the system 
from overrun. The unassigned core is dedicated for real-time 
operating tasks and schedules. The host operating system 
can use either Windows or Linux. There is many application 
software of this simulator. A Short summery of some of 
them are given in the table 4 [24]- [26].  
c) Communication Protocol 
    
Nearly every modern engineering system employs some sort 
of critical, digital communication protocol. Similarly, 
OPAL-RT simulators use almost all industry-standard 
communication protocols, enabling users to perform the 
most realistic real-time simulations possible [21]. The 
supported communication protocols by the OPAL-RT 
simulator for different sectors are given in Table 5. 
 
 
 
 
 
 
 
 
 
	
 OP4200 OP5600/5700 OP5707 
CPU ARM INTEL XEON 
E5 
INTEL 
XEON E5 
Number of Cores 2 4,8,16,32 4,8,16,32 
XILINX FPGA 
(standard 
configuration) 
ZYNQ 
(7030) 
Spartan 3 Virtex 7 
(485T) 
I/O modules with 
16 analog or 32 
digital signals 
4 8 8 
Maximum number 
of I/O channels 
128 256 256 
  
Table 4. Software Description of OPAL-RT Simulator 
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Sector Protocols 
Automation ModBus, EtherCAT, DNP3, OPC, S7 
Automotive CAN, Lin, FlexRay 
Aerospace ARINC-429, MIL-STD-1553 
Power System IEC-61850, IEEE C37.118, DNP3 
Others UDP/IP, TCP/IP, RS-485, Gigabit Ethernet 
 
Table 5. Communication protocol 
 
C. PSS@NETOMAC  
 
1) Background 
The Siemens Simulation system NETOMAC (Network 
Torsion Machine Control) is a specialized network 
development tool for the last two decades [27]. The 
PSS®NETOMAC is a simulator from the PSS® product 
suite. It is being developed in the purpose of simplification 
and easy control scheme for power system, depending on its 
dynamic characteristics. PSS®NETOMAC network 
planning tools offers a variety of configurations for the users. 
This offer different module for each requirement, which is 
the key characteristic of Real-time testing and simulation of 
a wide range of phenomena. 
 
2) System Description 
 
a) Hardware Description 
 
PSS®NETOMAC needs the following Hardware and 
operating system, mentioned in table 6, to run [27]- [28] 
 
 
Table 6. Hardware Requirements 
b) Software Description 
PSS®NETOMAC is a unique planning tool. It can simulate 
and analyze any dynamic network model or mathematical 
problem in both time and frequency domains. 
PSS®NETOMAC uses Block-Oriented Simulation 
Language (BOSL) for modeling and designing of all kinds 
of equipment. It has its own built-in library function to 
generate models, but it also uses the PSS@E interface for 
data importing. Network model and system data can also be 
entered graphically using PSS®SINCAL or NetCad / 
Graphical Model Builder (GMB) [28]. PSS®NETOMAC is 
also compatible with MATLAB interface [28]. Software 
simulation offers all tasks associated with the dynamic 
phenomena of electrical networks. 
 
D. dSPACE 
 
1) Background 
dSPACE started its journey in Paderborn, Germany in the 
year 1988[30]. dSPACE was developed to work in the field 
of RCP and HIL. Currently, dSPACE is mainly used for 
designing automotive and aerospace [29]. A commercial 
dSPACE simulator is presented in Figure 9.  
 
 
Figure 9. dSPACE Simulator [29] 
 
2) System Description 
 
a) Hardware Description 
dSpace is a HIL based Real-Time Simulator. It uses single 
to multi-processor based target with several I/O cards. The 
main processor boards are DS1006 Processor Board and 
DS1007 PPC Processor Board (Figure 10). In system 
architecture, there are Bus Interfaces and I/O boards. The 
I/O signals are measured via integrated dSPACE I/O boards 
using DS2202 or DS2211 HIL I/O Board [29]. The dSPACE 
Simulator hardware can connect to PC with the help of link 
boards as well. 
 
 
Figure 10. DS1007PPC processor board of dPSACE Simulator 
 
 
 
List Minimum Requirements 
PC 
CPU x86 Compatible 
256 MB RAM 
500 MB of free disk space 
Graphics card with a resolution of at 
least 1024 x 768 pixels, 16 bits 
Operation System Up to Window 10 
NT 4.0 SP 3(Higher) 
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b) Software Description 
dSPACE can run on both Windows and Linux OS 
environment. dSPACE is an open source software tool. The 
application software is fully designed as a full stack web 
application. It consists of a. database b. storage manager and 
c. front end web interface. It also has a configurable meta 
data model, workflows, and search functionality. dSPACE 
has a built-in authentication system and it can also integrate 
with LDAP or Shibboleth [29]. 
c) Communication Protocol 
    
dSPACE supports almost all modern communication 
protocols. The most common form of communication 
protocol is with Gigabit Ethernet PCIe based protocol. It 
also supports The Fieldbus Exchange Format (FIBEX), 
CAN, ARXML [29]. 
 
E. Real-Time Solution By MathWorks 
 
1) Background 
MathWorks offers multiple numbers of real-time simulation 
tools.  xPC target and the Real-Time Windows Target are 
the dedicated solution from MathWorks for real-time 
applications. Real-Time Windows Target is a one-box 
solution, which perform real-time simulation using Simulink 
model on Windows-based computer [30]-[32]. It shares 
hardware resources with Windows. On the other hand, xPC-
Target, shown in Figure 11, is a two (or more)-box solution, 
that uses independent target host to perform real-time 
simulation. These target computers are booted with the xPC 
Target real-time kernel [31]. The sample rate is 5 kHz and 
50 KHz for Real-Time Windows Target and xPC target 
onward. 
 
 
       Figure 11: xPC All-In-One Computer from MPL 
 
 
2) System Description 
 
a) Hardware Description 
xPC target and the Real-Time Windows Target both are 
accustom with PC-compatible hardware. These real-time 
target simulation tools can be designed with Intel, AMD, 
and other x86-compatible CPUs. The simulator, target pc, 
can be a desktop computer or a rack-mount computer, a 
PC/104 or PC/104+, CompactPCI, or an all-in-one 
embedded PC computer [32]. The desktop PC offers the best 
performance-to-cost ratio among all. Intel Pentium III or an 
AMD Athlon CPU are the minimum requirements for the 
desktop pc. Both simulator offer variety of I/O support like, 
PCI, cPCI, PXI, ISA, and PC-104 [32]. Similarly, Speedgoat 
offers a variety of form factors and I/O, protocol, and FPGA 
modules suitable for desktop, lab, or field use. Real-Time 
Windows Target uses dedicated Speedgoat target computer 
system for HIL testing. Both these simulator support analog 
and digital I/O module for communication with physical 
devices.  
b) Software Description 
dSPA xPC target and the Real-Time Windows Target both 
can be run on Windows and Linux OS environment [33]. As 
a product of MathWorks, both of the simulator use 
MATLAB, MATLAB Coder™, Simulink, and Simulink 
Coder™, Stateflow® as application software interface.  
c) Communication Protocol 
xPC target can run and communicate with multiple target 
computer as well as multiple physical devices. It has the 
feature to support Ethernet, Shared Memory, CAN, and 
Serial I/O for synchronous or asynchronous communications 
between host and devices [30]-[33]. Similarly, Real-Time 
Windows Target also supports Ethernet, Modbus, CAN, and 
ARINC429 [30]. 
 
F. Power_system Online_simulation Unveil Your Analysis 
(POUYA) Simulator 
 
1) Background 
Power_system Online_simulation Unveil Your Analysis 
(POUYA) is a power system online Real-Time simulation 
tool. It is designed to provide a simple interface for power 
system operation, design and training. POUYA simulator 
uses phasor transient stability calculation for engineering 
analysis alongside with graphical representation. The 
simulation speed is quite high compared with current 
simulators [34]-[35]. 
 
2) System Description 
 
a) Hardware Description 
POUYA simulator uses PC based computer as the target 
hardware. The target could have multiple multi-core CPUs.   
b) Software Description 
POUYA simulation tools supports the Windows operating 
system. For the application software interface, it uses its 
own software package Power Apparatus & System 
Homological Analysis (PASHA) [35]. It also incorporates 
Lab View software for interconnection with real devices. 
 
G. Typhoon HIL Simulator 
 
1) Background 
Typhoon HIL Inc. has started its journey as a manufacturer 
of real-time simulator in 2008 [36].  One of the most 
significant addition to the real-time simulation field by 
Typhoon HIL Inc. is it provides HIL testing with virtual 
HIL testing environment.  Typhoon HIL tools also has its 
own rich built-in libraries which makes its more user-
friendly, which reduce the complexity of using third party 
software.  Typhoon HIL manufactures a wide variety of 
simulator for different field like, Microgrid, power 
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electronics, Marine testing etc. A M-series Typhoon 
simulator is given in Figure 12. 
 
 
 
Figure 12: Typhoon HIL M-series Simulator [36]. 
 
2) System Description 
 
a) Hardware Description 
This simulator has three different configurational mainly 
HIL402, HIL604 and Microgrid HIL (M series) for 
hardware setup. HIL402 has a 4-core processor HIL, 
HIL604 has 6-core processor and M series has multiple 
cores processor [36]. This simulator has additional interface 
card for external communication like HIL DSP interface 
card, HIL uGrid interface card, HIL calibration card and 
HIL Breakout Board. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Software Description 
The operating system of the Typhoon HIL host is based 
on Windows. For the application interface, The Typhoon 
HIL software toolchain includes a. Schematic Editor, b. 
HIL SCADA, c. TEST SUITE and d. Power system 
TOOLBOX [36]. It also has a communication interface 
with MATLAB. Schematic editor has its own library 
functions. Also, HIL SCADA helps to visualize the test 
results using Python programmable action buttons [36].  
c) Communication Protocol 
    
Typhoon HIL Simulator supports almost all modern 
communication protocols. The most common form of 
communication protocol is with Gigabit Ethernet PCIe 
based protocol [36]. It also supports ModBus, IEC 61850, 
SunSpec etc. 
 
IV. SIGNIFICANT USERS OF REAL-TIME 
SIMULATOR 
Real-Time Simulator is a leading-edge tool for academic 
research in power system areas. It gives students a platform 
to understand the real-life scenarios of power system grid or 
power electronics. There are numerous institutes in the USA, 
and around the world, which added this simulator to their 
research facility to enhance the research field, and which in 
turn boosts the institutions standing. Some of the currently 
users are given below in table 7 [20], [21], [29], [36]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 7. Significant users of Digital simulator 
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V. APPLICATION OF REAL-TIME DIGITAL 
SIMULATOR 
Some of the implicational fields of these simulators are 
explained below 
 
A. Power Electronics Application 
a) HVDC and FACTS  
The HVDC and FACTS devices have been developed by the 
companies for many years [37]. Modelling is the Primary 
stage of device development. For that, a simulator has no 
alternatives. Dynamic performance test and factory 
acceptance test are the tests at preliminary stages for device 
acceptance. Analog simulators are used widely to do these 
kinds of tests. Introduction of real-time digital simulator 
made easy to design and test these devices with more 
precision and realistic way. The real-time simulator permits 
ample and, thorough testing and, therefore, leads to less 
problems at the commissioning and service time. 
 
b) Electric drives and motor 
The most important part in motor and generator 
development is to identify the design faults in early stages. 
The developers use Rapid Control prototyping techniques 
for testing and deploying required control algorithms [38]. 
Most real-time digital simulators offer RCP control as an 
important feature. In addition, these simulators also support 
HIL testing. HIL helps to test a virtual model of the real 
system at real-time. This approach helps the manufacturer 
from future losses due to early faults detection. 
 
c) Wide Area Monitoring  
With the advancement of protection and control devices, the 
utilities and generation companies are considering new ways 
of improving and protecting the overall network. 
Interdependency of those devices added easy accessibility 
for the operator, which brings the new era of monitoring and 
controlling system known as wide area measurement 
protection and control system (WAMPAC) [39]. WAMPAC 
is not solely depended on local measurements to monitor the 
overall power network state. These systems incorporate the 
coordinated control steps for detecting total generation, line 
tripping, faults, etc. The most significant part of WAMPAC 
is the Phasor Measurement Unit (PMU). Most of the above-
mentioned simulators are capable of modeling and testing 
the internal PMU and support the PMU communication 
protocols like IEEE C37.118. 
 
B. Automotive Applications 
The main focus of dSPACE simulators is in automotive 
application [40]. Vehicles are acquiring new features each 
day to compete in this world market. So, the prime focus of 
the manufacturers is to install advanced, sophisticated, and 
expensive equipment in the system with short 
manufacturing time [40]. Vehicles like a hybrid car is one 
the most suitable example. For HIL testing, these cars need 
multiple power sources with power electronics and I/O 
interfaces. HIL test is done to check the control technology 
of the vehicles. [41]. for pre-testing this car, even in the 
designing stage is the most desire feature by each 
manufacturer. And real-time simulators are capable to do so. 
 
C. Aerospace 
In the aerospace field, accuracy, repeatability of simulation 
and testing the device are most crucial requirement. Aircraft 
manufacturers must follow manufacturing criteria strictly. 
The manufacturers need to follow the DO- 178B protocol 
and US-based Radio Technical Commission for Aeronautics 
(RTCA) standards. These protocols are designed to oversee 
the avionics guideline software quality and testing in real-
world conditions [42]. DO-254 standard is followed to 
administrate the design of airborne electronic hardware [43]. 
These simulators have built-in libraries and communication 
protocols to support these guidelines. 
 
D. Robotics Application 
The heart of the robotic application is mechatronic. Since 
mechatronic can integrate mechanical and electronic aspects 
together [44].  Mechatronic is a complex system setup for its 
basic integrations with electrical and mechanical aspects. 
The real-time simulation can ease the modeling and testing 
part of mechatronics with high accuracy by deploying build-
in library blocks. Before jumping into large-scale 
manufacturing, the real-time simulator can design and detect 
the problems of the design beforehand. 
 
VI.  CONCLUSION 
Evaluation in modern power systems is a continuous process. 
New constrains come with new challenge for the developers.  
To meet those challenges timely, the designers require very 
fast, flexible, and scalable simulators. A real-time digital 
simulator has no alternatives for that. Developers and 
researchers are working continuously to improve and make 
these simulators applicable for all sectors.  The complex and 
interactive power network’s development and testing is 
generally conducted in these real-time simulators due to 
their robustness. For better commissioning time for on-site 
installation, minimizing outage time, and debugging ability 
can be accomplished by these real-time simulators. The 
significance of these simulators also includes better system 
equipment understanding for improving and repairing the 
network. The most noteworthy features of these simulators 
are: 
 
• These real-time simulations have the capability to 
interface and test the user simulation model with 
real physical devices. 
• Dedicated built-in library function/ blocks are 
present for system design and communications 
protocols. 
• Protection and control mechanism can be added for 
system validation. 
Finally, real-time simulators are opening new platform of 
research for the academia and the industrial sector by 
everyday new addition to the simulators multi-directional 
software patch, the HIL offerings. 
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